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Title of the Invention: METHODS FOR DIAGNOSIS AND TREATMENT OF HUMAN DISEASE 

INCLUDING HYPERTENSION 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Preliminary to examination on the merits, please amend the above-referenced 
application as follows: 

Amend claims 16, 20, 21, 32, and 37 as shown on the following pages. 



Marked-up copies of the original text of the amended claims, specification portions 
and abstract are attached to this amendment. Material inserted is Indicated by 
redlining (iniertion) and material deleted is indicated by strike-out ( strik e- out ), 
therefor. 
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Clean Copy of Amended Claims 

16. (Amended) A method according to claim 13 or 14, wherein the sample of cells is 
assessed for reduced or over activity of the Na"^ transport protein by determining the rate of 
Na*-dependent intracellular pH (pH) recovery and comparing said rate against similarly 
measured rates from cells from healthy tissue isolated from said subject or a control subject(s). 

20. (Amended) A method according to claim 17, 18 or 19, wherein said Na* transport 
protein is selected from the group consisting of Na*-H* exchanger 1 (NHE1), Na'^-H'^ exchanger 
2 (NHE2), Na*-H* exchanger 3 (NHE3), the Na^-HCOg cotransporter and the Na*K*2CI 
cotransporter. 

21. (Amended) A method according to claim 1, 8, 13, 17, 18 or 19, wherein the said human 
disease is selected from hypertension, renal failure, cardiac hypertrophy and cardiological 
syndrome X. 

32. (Amended) A host cell transformed with a DNA molecule according to claim 22 or 37. 

37. (Amended) A method for detecting agonist or antagonist agents of the receptor of claim 
34 or 35, wherein said method comprises contacting said receptor, or a host cell transformed 
with and expressing the DNA molecule of claim 22 or 27, with a test agent under conditions 
enabling the activation of said receptor, and detecting an increase or decrease in activity of the 
receptor. 
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REMARKS 

The amendments to the claims are made to correct improper claim dependencies 
and to put the claims in the format preferred by the U.S. Patent Office. No new matter 
is introduced by means of these amendments. 
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Amended Claims: Version with markings to show changes made 

16. (Amended) A method according to any on e of c l Qims 13 to 15 daim 43^61^^14 wherein 
the sample of cells is assessed for reduced or over activity of the Na"^ transport protein by 
determining the rate of Na*-dependent Intracellular pH (pH) recovery and comparing said rate 
against similarly measured rates from cells from healthy tissue isolated from said subject or a 
control subject(s). 

20. (Amended) A method according to any on e of claims 17 - 1 9 claim 17, 18. or 49 wherein 
said Na" transport protein is selected from the group consisting of Na*-H* exchanger 1 (NHE1), 
Na*-H^ exchanger 2 (NHE2). Na*-H* exchanger 3 (NHE3), the Na^-HCOg cotransporter and the 
Na^K*2CI cotransporter. 

21 . (Amended) A method according to any one of claims 1 to 20 claim 1 , 8, J 3, 17 1,8 on 
Wherein the said human disease is selected from hypertension, renal failure, cardiac 

hypertrophy and cardiological syndrome X. 

32. (Amended) A host cell transformed with a DNA molecule according to any one of claims 
224©-3+ pM^lpH. 

37. (Amended) A method for detecting agonist or antagonist agents of the receptor of claim 
34 or 35, wherein said method comprises contacting said receptor, or a host cell transformed 
with and expressing the DNA molecule of any one of clqimo 22 to 31 daim:22.pr 27i with a test 
agent under conditions enabling the activation of said receptor, and detecting an increase or 
decrease in activity of the receptor. 
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METHODS F OR DIAGNOSIS AND TREATMENT OF HUMAN DISEASE 

INCLUDING irYFERTENSION 

Field of the Invcntioii: 

5 The present invention relates to the diagnosis and treatnjent of human 

disease, particularly human disease characterised by abnonnal cytosolic ion 
composition resulting from reduced or over activity of Na" transport proteins 
such as the ubiquitous Na^-IT^ exchanger, NHEl. 

r 

10 Background of the Inventioii: 

In recent years, ever activity of Na^ transporting systems in absorptive 
epithelia has been implicated in the pathogenesis of a number of major 
diseases including hypertension fl, 2J, diabetic nephropathy (3), cardiological 
syndrome X (4], ventricular hypertrophy (5 J, chronic pnlmonaty 
15 hypertension (6) and cystic fibrosis (7J. In the case of the hereditary 

hjrpertensive disease known as Liddle^s syndrome, this activity has been 
attributed to a mntation of the epithelial Na^ chaimel (ENaC) leading to loss 
of an inhibitory feedback mechanism which normally switches off Na"^ 
channel activity in response to increased intracellular Na"^ (8, 9). The 
20 mechanisms that underlie this so-caJled homocellular regiJation have been 
the subject of controversy, but recent experiments have revealed a previously 
unsuspected mechanism in which cytosohc Na"" is "sensed" by an 
intracellular receptor (10). This receptor activates the G protein, G„ (11), the 
ct-subnnit of which then causes the ubiquitiu-protein ligase, Nedd4 (lOj. to 
25 ubiquitinatB and inactivate the epithelial Na+ channels (12, 13). This 

receptor for intracellular Na^ is blocked by amiloride and amiloride analogs 
such as dimethylamiloride and benzirmdazole guanidinium (10), thus 
explaining the previously puzzHng ability of these agents to stimulate Na^ 
channel activity (14], 

"^^^ present appUcants have now found that the intracellular Na"^ 
receptor that controls absorptive epithelial Na"*- channels also controls the 
activity of the ubiquitous isoform of the Na'^'-H-^ exchajiger i, NHEl (34). 
This finding suggests that intracellular Na* receptura foi-m part of a geneiul 
mechanism for regulating Na* transport proteins. It is therefore anticipated 
;5 that the intraceUular Na+ receptors [and the signal-transduction systems by 
which they control Na"*- channels. Na^-H^ exchangers and other Na^ 
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transporting proteins] shall provide a useful target for diagnostic assays and 
treatmeuts for hypertension and other diseases. 

Disclosure of the Inventjon: 
5 Thus, in a first aspect, the present invention provides a method of 

treatment of a human disease which i$ characterised by abnormal cytosoUc 
ion composition in diseased cells resulting from inappropriate activity of an 
inhibitOTy feedback mechanism controlling the activity of an Na^ transport 
protein other than an epithelial Na*^ channel such that the Na^ transport 
10 protein has reduced activity, the method comprising administering to a 

subject having said disease an effective amount of an agent that blocks said 
inhibitoiy feedback mechanism and thereby substantially restores the ion 
composition of the cytosol in said diseased cells to that which is found in 
corresponding cells horn healthy tissue. 
15 Preferably, the present invention provides a method of treatment of a 

human disease which is cbaractef ised by abnonnai cytosoUc ion composition 
in diseased cells resulting from reduced activity of a Na* transport protein 
selected bom those which are inactivated by ubiquitination (e g* through the 
action of a ubiquitLn-protein ligase) and, particulaTly, from those included in 
20 the group consisting of NHEl, Na'^'-H^ exchanger 2 (NHE2) (35), Na^-H*" 

exchanger 3 (NHE3) (36), the Na^-HCOa' cotransporter (37J and the Na"^K*'2Cl 
cotransporter (38). 

Where the characteristic abnormal cytosoUc ion composition arises 
from reduced Na* transport protein acti\aty resulting from inappropriate 
25 activity of the Na^ transport protein inhibitory feedback mechanism, the 

administered agent may be selected froni agents capable of blocking the Na* 
transport protein inhibitory feedback mechanism. Preferred agents of the 
latter kind are amiloride and amiloride analogs (e.g. 6-iodoamilon.de. N- 
dimethylamiloride, andbenzimidazoylguanidium), G-protein inhibitors (e-g, 
30 GDP-p-S (39) and NF023 {40J) and agents that inhibit the action of ublquitin 
protein ligase oa the Na"^ transport protein. Examples of this latter kind of 
agents are doroinant negative mutants of ubiquitiu (e.g. K48K (24)), agents 
that prevent binding of the ufaiquitin protein ligase to the Na"*" transport 
protein (e.g- membrane permeable peptide analogs of the protein motif to 
3S which the uhiquitin protein ligase binds such as the WW2 and WW3 domains 
of Nedd4 (10)), agents that prevent ubiquitination of the Na"*" transport protein 
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(e.g. membrane permeable peptide analogs of the protein motif which is 
actually ubiquitinated, such as the N- terminal of the a- or y-5ubuiut of ENaG 
[41)) and inhibitors of the effectors of ubiquitin action on the Na* transport 
protein including proteins involved in endocyto^is (e.g. membiane permeable 
5 analogs of amphiphysin SH3 peptide(42)), and inhibitors of the degradation 
of the Na"^ transport protein by proteasomes (e.g. lactacystin) or lysosomes 
{e.g- bafilomycin or chloroquine). P&ptide analogs may be made to be 
membrane permeant by including a Drosophila anteimapedia homeobox 
domain (15, 18)> 

10 In a second aspect, the present invention provides a method of 

treatment of a human disease which is characterised by abnormal cytosolic 
ion compositLon in diseased cells resulting from the loss or inappropriata 
activity of an inhibitory feedback mechanism controlling the activity of an 
Na^ transport protein other than an epithelial Na*^ channel such that the Na* 

15 transport protein has over activity, the method comprising adrnmistering to a 
subject having said disease an effective amount of an agent that substantLaliy 
restores the ion composition of the cytosol in said diseased cells to that which 
is found in coiresponding cells from healthy tissue. 

Where the charactBristic abnormal cjrtosolic ion composition arises 

20 from Na**" transport protein over activity resulting firom, for example, loss of 
the Na* transport protein inhibitory feedback mechanism or inappropriate 
activity of other control systems (e.g, excessive levels of growth factors or 
glucose), the administered ageirt may be selected from gene therapy agents 
(e.g. adenoviruses capable of causing the expression of a protein participating 

25 in the Na**" transport protein inhibitory feedback mechanism), mtracellulax 
Na"*" receptor activators (e.g. guanidium and guanidium analogs), G-protein 
activators (e.g. GTT-y-S (43) and receptor numetic peptides such as 
APP20(17)], ubiquitin ligase activators (e.g. membrane permeable peptides 
that mimic the effect of active G proteins on the ubiquitin protein ligase), and 

30 agents that trigger endocytosis. 

An "effective amount" of the agent used in the method of the first or 
second aspect will depend upon the particular agent used, however, 
generally, the amount would be expected to be below about lo mg/kg. For 
example, an effective amount of amiloride or an amiiotide analog would 

35 typically be in the range of a to 3 mgfkg. 
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The agent maybe formulated with various phairmaceuticually-acceptable 
excipients and/or carriers commonly used in the art and prepared for 
administratioii orally {e.g. as tablets, capsules, caplet$ or liquids), nasally (a.g. 
aevosol sprays), rectally (e.g. as suppositries) and transdermally (e.g. as a 
5 transdermal patch or dsnnally absorbed cream ox lotion). The agent may also 
be formulated as an injectible solution or suspension far subcutajieous, 
intravfinous or mtrajmusctdar adtninistratiou. 

In a third aspect, the present invention provides a method of diagnosis 
of a human disease which is characterised by abnornaal cyfcosoHc ion 
10 composition in diseased cells resulting from the loss of or inappropriate 
activity of an inhibitory feedback mechanism controlling the activity of an 
Na* transport protein other than an epithelial Na"^ channel such that the Na"^ 
transport protein has xadnced or over activity, the method comprising 
isolating from a subject suspected of having said disease a sample of cells 

15 (such as epithelial ceUs or lymphocytes] and assessing said sample of cells for 
reduced or over activity of said Na"^ transport protein resulting from the loss 
of an inappropriate activity of said inhihitoiy feedback mechanism or 
otherwise assessing said sample of cells for tiie loss of or inappropriate 
activiiy of said inhibitory feedback mechanism. 

20 Preferably, the present invention provides a method of diagnosis of a 

human disease which is characterised by abnormal cytosollc ion composition 
resulting from reduced or over activity of a Na* transport protein selected 
from those which are inactivated by ubiquitination (e.g. through the action of 
a ubiquitin-protein ligase) and, particularly^ from those included in the group 

25 consistmg of NHEl, NHE2, NHE3, the Na^-HGOa" cotransporter and the 
Na"*'K'*"2Cl cotransporters. 

The sample of cells may be assessed for reduced or over activity of Na* 
transport protein by. for example, determining the rate of Na^-dependent 
intracellular pH (pHy recovery and comparing the value against similarly 

3D measured values from cells from healthy tissue Isolated from the said 

suffering subject or from a control [i.e. non-diseased) subject or subjects (e-g, 
an average tT^ue from a panel of two or more healthy subjects). 

In a variation of the inventiaa according to the third aspect, the sample 
of diseased cells may be assessed for over or under expression of a protein 

35 participating in the Na^ transport protein inhibitory feedback mechanism 
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(e.g. by polymerase chain (PGR) techniques. Northern blot hybridisationi 
Western blot or immunoprecipitatiou). 

In a fourth aspect, the present invention provides a method of 
diagnosis of a himian disease which is characterised by abnonrial cytosolic 
5 ion composition in diseased cells resulting from the loss or inappropriate 
activity of an inhibitory feedback mechanism contFoIling the activity of an 
Na"^ transport protein other than an epithelial Na"^ channel such that the Na"^ 
transport protein has reduced or over activity, the method comprising 
isolating a genomic DNA sample from a subject suspected of having said 
10 disease and assessing said sample for the presence of a gene encoding a 
mutated pipduct causitLve of said reduced or over activity of said Na^ 
transport protein. 

In a fifth aspect, the present invention provides a method of assessing a 
subject for a predisposition to a human disease which is characterised by 

15 abnormal cytosohc ion composition in diseased cells resulting from the loss 
or inappropriate activity of an inhibitory feedback meciianism controlling the 
activity of an Na'*^ transport protein other than an epithelial Na^ chaimel sunh 
that the Na"*" transport protein has reduced or over activity, the method 
comprising isolating a genomic DNA sample from a subject and assessing said 

20 sample for the presence of a gene encoding a mutated product causitive of 
reduced or over activity of said Na"*" transport protein. 

In the methods of the fourth and fifth aspects, the human disease is 
preferably one which is characterised by abnomial cytosolic ion composition 
resulting from reduced or over activily of a Na* transport protein which has 

25 been selected from the group consisting of NHEl, NHE2, NHE3, the Na*- 
HGOj' cotransporter and the Na'*'K*2Cl cotransport protein). The genomic 
DNA sample may be isolated using rontine protocols known to the azL The 
genomic DNA sample may be isolated from any cell sample such as ^hole 
blood, tissue biopsy or cheek cell sample. The assessment of the presence of 

3D a gene encoding a mutated product causitive of reduced or over activity of the 
Na*^ transport protein, may be preferably achieved by hybridisation or PGR 
techniques using probes/primers designed to specifically hybridise to gsnes 
including mutated nucleotide sequences. The gene whose presence is to be 
assessed may encode a mutated protein participating in the Na"*" transport 

35 protein inhibitory feedback mechanism (e.g. a mutated G-protein or mutated 
intracellular Na*^ receptor). 
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Tbe methods of the invention are applicable to, for example, 

hjrpertension, renal failure, cardiac hypertrophy and caidiological syndrome 
X. 

The present applicants have also found that the intracellular Na**" 
5 receptor coutroUiag NHEl is blocked by amiloride and amiloride analogs 
with the following order of potency; 

e-iodoamiloride (ECgo = 01 M^nol/l) < amiloride [10 }mbdI/1) 
< S-N-dimethylamiloiide (30 )imoI/l], benzamil (> 30 nmol/l) < 
benzimidazolylguanidium (300 ^miol/lj 

10 Knowledge of these differing potencies enables the isolation of a DNA. 

molecule encoding the IntraceDuIar Na* receptor controlling NHEl. That is, 
by using the a-5ubunit of as "bait" in a yeast two-hybrid techxuque ("The 
yeast two-hybrid system'* edited by P,L, Barfcel & S, Fields, Oxford University 
Press, Oxford, 1997), DNA molecules encoding interacting proteins may be 

15 isolated from suitable cDNA or genomic DNA libraries and then screened for 
the ability of the encoded proteins to bind 6-iodoajxuloride, Further screens 
may be conducted for the relative inability of tihe encoded proteins to bind 
benzamil, the ability of antibodies raised to the encoded proteins to 
immunoprecipitatB the a-subunit of G^, and the ability of antibodies raised to 

20 the encoded proteins to block tbe NHEl inhibitory ieedback mechanism. 

By using the yeast two-hybrid system with a constitutively active 
mutant of the a-subunit of G„, it is possible to Identify and isolate proteins 
which interact with active G„ and hence are involved in the inhibitory 
feedback mechanism at a loci downstream of G„, Similarly, by using the 
25 yeast two-hybrid system with a dominant negative mutant of the a-subunit of 
G„, it is possible to identify and isolate proteins such the intraceHular Na* 
receptors which are involved in tiie inhibitoiy feedback mechanism at a loci 
upstieam of G,,- 

The present applicants have isolated 5 cDNA molecules from mouse 
30 kidney and mandibular gland cDNA libraries encoding likely intracellular 
Na* receptors controlling NHEl and Na^ channels. The 5 candidates are 
nucleobindin CIS), GAIP (19), lapiGAP [20) and novel proteins designated 
GILT (formerly designated clOa) and SCuuique. 

Thus, in a sixth aspect the present invention provides an isolated DNA. 
35 molecule encoding an intracellular Na"*" receptor designated GILT, said DNA 
molecule comprising a nucleotide sequence substantially corresponding to 
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Thus, in a sixth aspect, the present invention provides an isolated DNA 
molecule encoding an intracellular Na"*" ceceptor dssignated GILT, said DNA 
molecule comprising a nucleotide sequence substantially corresponding to 
thai shown as SEQ ID NO: 1 or a nucleotide sequence showing > 7596 (more 
5 preferably > 65%, most preferably > 9596) homology to that shown as SEQ ID 
NO: 

R-eferably, the isolated DNA moleciUe of the sbdh aspect encodes a 
protein comprising an amino acid seqiience substantially corresponding to 
that shown as SEQ ID NO: 2, 
10 In a seventh aspect, the present invention provides an isolated DNA 

molecule encoding an intracellular Na"^ receptor designated SCunique, said 
'DNA molecule comprising a mxcleotide sequence substantially corresponding 
to that shown as SEQ ID NO: 3 or a nucleotide sequence showing s 7596 
(more preferably > 85%, most preferably > 9596) homology to that shown as 
15 SEQ W NO: 3. 

Preferably, the isolated DNA molecule of the seventh aspect encodes a 
protein comprising an amino add sequence substantially corresponding to 
that shown as SEQ ID NO: 4. 

The isolated DNA molecule of the sixth and seventh aspect maybe 
20 incorporated into plasmids or expression vectors (including viral vectors) » 
which may then be introduced into suitable bactariaU yeast, insect and 
mammaliaTi host cells. Such host cells may be used to express the receptor 
encoded by the isolated DNA molecule. 

Accordingly^ in an eighth aspect, the present invention provides a 
25 m amma lian, insect, yeast or bacterial host cell transformed with the DNA 
molecule of the sixth or seventh aspect 

In a ninth aspect, the present invention provides a method of 
producing an intmcelluiar Na^ receptor, comprising culturing the host cell of 
the eighth aspect imdex conditions enabling the expression of the DNA 
30 molecide and optionally recovering the expressed receptors. 

Preferably, the host cell is mammalian, amphibian or of insect origin. 
Where the cell is mammahan, it is presendy preferred that it be a Chinese 
hamster ovary [GHO) cell or human embryonic kidney 293 cell. Where the 
cell is of amphibian origin, it is presently preferred that it he Q.Xenopus 
35 oocyte. Finally, where the cell is of insect origin, it is presently preferred that 
it be an insect Sf9 cell. 
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In a tenth aspect the present inventioa provides an intracellular Na* 
receptor designated GILT, said receptor comprising an amino acid sequence 
substantially corresponding to that shown as SEQ ID NO: 2, in a substantially 
pxnre form. 

5 In an eleventh aspect the present invention provides a candidate 

intracellular Na* receptor designated SCiuuqne, said receptor comprising an 
amino acid sequence substantially cocresponding to that shown as SEQ ID 
NO: 4, in a substantially pure fonn. 

In a ttvelfth aspect, the present invention provides an antibody which 

ID Specifically binds to a receptor according to the tenth or eleventh aspect 
Such antibodies may be polyclonal or monoclonal and may be produced in 
accordance with any of the known techniques in the art. 

The present applicants have also identified two veiiants of the 
nucleotide sequence encoding GILT (SEQ ID NO: 5 and SEQ ID NO; 6] and 

15 isolated and sequences some of the 5' nc»ti-coding sequence of the nucleotide 
sequence encoding SCunique (SEQ ID NO: 7). It is to be imderstood that the 
present invention extends to these additional nucleotide sequences. 

In a thirteenth aspectr the present invention provides a method for 
detecting agoxiist or antagonist agents of the receptor of the tenth or eleventh 

20 aspect comprising contacting said receptor, or a host cell transformed with 
and expressing the DNA molecule of the sixth or seventh aspect, with a test 
agent under conditions enabling th0 activatian of said zeceptar, and detecting 
an increase or decrease in activity of the receptor. 

In a further aspect the present invention provides a nucleic acid 

25 probe/primer comprising a nucleotide sequence of 10 or more nucleotides 
capable of specifically hybridising to a unique sequence within a DNA 
molecule having a nucleotide sequence as shown as SEQ ID NO: 1 or SEQ ID 
NO! 3 under high stringency conditions. 

As used herein, the term "high stringency conditions'' refers to 

30 conditions that (i) employ low ionic strength and high temperature for 

washing, for example, 15 mM NaCl/1.5 mM sodixmi citrate/0.1% NaDodSO^ at 
50°C; (ii) employ during hybridisation a denatxmng agent such as fbimamide, 
for example, 50% (vol/vol) formanxide with 0.t% bovine sertun albumin. 0.196 
FicoU, 0,1% polyvinylp5nrralidone, 50 mM sodium phosphate bujBfer at pH 6,5 

35 with 750 niM NaCl, 75 mM sodium citmte at 42^C; or (iii) employ 50% 

formamide, 3 x SSC (750 mM NaCl, 75 mM sodium citrate), 50 mM sodimn 
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phosphate (pH 6.8). 0.196 sodium pjnxjphospbate, 5 x Denhardt's solutioa, 
sonicated salmon sperm DNA (50 ^ig/ml), 0.1% SDS and 10% dextraa sul&te 
at 42"C in 0.2 x SSC (30 mM NaCl. 3 mM sodium citrate] and 0.1% SDS. 
The term "substantially corresponding" as used herein in relation to 
5 nucleotide sequences is intended to encompass minor variations in the 

nucleotide sequence which due to degeneracy in the DNA code do not resnult 
in a change in the encoded protein. Further, this term is intended to 
encompass other minor variations in the sequence which ixiay be leqmred to 
enhance expression in a particular system but in which the variations do not 
10 result in a decrease in biological activity of the encoded protein. 

The term 'substantially corresponding'* as used herein in relation to 
amino acid sequences is intended to encompass minor veiiatLonLS in the 
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amino acid sequences which do not result iu a decrease in biological activity 
of tha encoded protein. These variations may include conservative amino 
acid substitutions. The substitutions envisaged are:- 

G.A,V,I,L,M; D,E;N,Q; S, T; K, R H; F»Y,W.H;and 
5 P, Na-alkylaxniiio acids. 

References to percent homology values herein are calculated by the 
BLAST program blastn as described by Altschul, SJF. et al,, "Gapped BLAST 
and PSI'BLAST: a new ge£keiati[on of protein database search programs". 
Nucleic Acids Research Vol. 25, No. 17, pp 22B9-3402 (1997). 
10 The terms ''comprise", "comprises" and "comprising" as used 

throughout the specification are intended to refer to the inclusion of a stated 
step* component or feature or group of steps, components or features with or 
vfitbout the inclusion of a further step, component or feature or group of 
steps, components or featmies. 
15 The inventioix vtfill hereinafter be further described by way of "die 

following non-liTnifi'rs example and accompanying figures. 

Brief descripliom of tihe accompanying figures: 

Figme 1: Shows features of the Na^-dependent pHi recoveiy xxteasured 

20 with a zero Na'^ pipette solution. (A) Representative experiment with 10 xoM 
ATP in the pipetfe. The bar indicates the period of readrnissiou of 155 uo&f 
Na^ solution to the bath. (B) Concentration-response relation for the effect of 
extracellular etbylifiopropylamiloride ^3PA) on the Na^-dependent pEi; 
recovery. (C) The effect of modifying intracellular ATP levels. 

25 Figure 2: Shows inhibition of Na* dependent pB^ recoveiy by 

cytosolic Na^. (A) Dependency of the Na^-dependent pH recoveiy on pipette 
Na*. (B) The effects of inclusion of 20 mM NMDG* in the zero Na^ pipette 
solution, or hy buffering intracellular and extracellular Ga^^ to zero by the 
inclusion of 20 xoM l,2-bls(2-aminopheriyDxyJethane-NJJ,N',N'-tetraacetate 

30 (BAPTA) in the pipette solution and 1 mM EGTA in the bath solutioiL No 
Ca** was added to either solution. 

Figure 3: Shows that the Na"^ feedback inhibition is mediated hy a G 
protein. (A) The effect of the addition of 100 nM GUP-^S to the pipette 
solution. (B) The effect of the addition of 500 ng/ml activated pertussis toxin 

35 to the pipette solutiqa. (Q The effect of the addition to the pipette solution 
of antibodies directed against various G protein a-subunits [AbG^ = agaln^ 



14/02 '02 16:59 FAX 61 2 9810 8200 



/ 



WO Ola2805 



14/02 ^02 1 7:0 0 FAX 61 2 ftSlO 8200 F,B, RICE ft CO . Oi Oi -4" QCF 15 9 .iy DJ7\2 1ii'dO|£ 



WO oi/12805 PCrrjAVHQJwmo 

to 

C ternii0als of Ga^ and Ga,g; AbG^ = against C teimiiials of Goc. and Gcc^il 
AbGa = against C terminal of Gopj AbG^ == against N terminal of Go,; all 1 in 
200 (vol/vol)]* 

Figure 4: Shows the inhibition of Na'*' feedback by intrajcellular 

S amiloride. (A) Concentration-dependency of the effect of intracellular 
fimiloiidd whan included in 20 mM Na* solution. (B) The effect of the 
inclusion of 0.2 pM activated recombinant a-subunit of G„ (act G^) and 
amiloride [10 and 30 jiM) in the zero Na* pipette solution* AS and inact 
denote controls in which actrvation solution or inactive Ga^, respectivBly, 

10 were added to the pipette solution. (G) The effect of the inclusion of antl- 
Nedd4 antibody (A-Nd4; 1 MS purified IgG/ml), GST-WW fusion protein (G- 
W; 0.3 mg/ml). GST-wild type-ubiquitin [wt; 0.3 mg/ml) or GST-domiiiant 
negative-ubiquitin {K4BK) fusion protein (dn; 0.3 mg/^ml) in the 20 mM Na^ 
pipette solution. In A and C the hrolosn lines indicate the mean rate of pB^ 

15 recovery observed with zero Na^ pipette solution. 

Figure 5 : Shows the mechanisms of feedback inhibition by 
intracellular Na^ of epithelial Na* channels in salivary duct (absorptive) cells 
(A) and Na*-H^ exchange in salivary endpiece (secretDjy) cells (B). In each 
cell model, the apical membrane is on the left and the sodium pmnp (Na^s 

20 ATPase] is shown in the basolatsial membrane on the right. 

T?iraiiriplB 1; Cantrol of Na"*^>H'*' i>y^liaHf[<» in aalivarv secretory cells bv an 
Intracellular Nr* receotpr. 
Materials and Methods. 

25 Cell PreparatiQD. Rfcle Quackenbush strain rrrice were killed by 

cervical dislocation^ and the mandibular glands were removed, finely 
minced, and incubated for 12 rdin in a physiological salt salutiou containing 
1 nxg/rol coUagenase (Worthington type IV), The cell suspension was then 
dispersed by tdtmation and washed with fresh Na* rich bath solution 

30 containing 145 mM NaCl, 5,5 jxiM KCl, 1.2 niM MgPh, 7.5 mM Na-Hepes, 7.5 
mM H-Hepes, 1 mM CaClz and 10 mM glucose; the pH was adjusted to 7*4 
vt^th NaOH. The cells were filtered through a 75-Mm nylon mesh and kept on 
ice until required. 

Patch-Clamp Techniques. A technique based on that of Demaurex and 

39 coworkers (Zl) was used in which the whol&<:ell patch-clamp tedinique is 
used to control cytosoUc composition while the pH-sensitLve dye. BCECF, is 
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used to measuie intracellular pH (pUJi The patch-clamp techniques used 
were are desciifaed {22}, and the celb were loaded wiih BC£X:Ffay including 
it in tibe pipette solution. Except for the experiments summarised in Figure 
IC, in which MgSO^ replaced JsdgATF, pipettes w^re filled with solutions 
5 containing 145 mM K-glutamate and Na.-glutamate combined, 5 xnM KCl, 5 
mM Mes, lo mM Xlg-ATP, l mM EGTA, 40 mM sucrose, and 0.2 mMBCEGF; 
the pH was adjusted to 6.O. 

Measurement of pH^. The equipment used to measure pH^ was as 
described (23], The chamber (0.3 ml) was continuously perfused with a Na*^- 

10 free bath solution containing 145 xnM iV^methyl-D-glucamine (NMDG}-C1, 5.5 
mMKCL 15 mMH-Hep^s, 1,2 mM MgClj, 1 mM CaCl^., and 10 mM glucose 
with a pM of 7.4. Single ceUs in tha whole-cell configuratiDn were voltage- 
clamped at -30 mV. After 3 min they were iUuminated alternately at 490 and 
430 um. Na"^-H:^ exchange activity was rkxeasttred by reintroducing Na* to the 

15 bath between 2 and 3 min afbsr the start of illumination. pH| zecovery rate 
was determined by fitting a linear regression to the linear phase of the pE^ 
recovery (Le., between 20% and 80% of miaodmal recoveTy). Calibration of 
the BGECF signid was by the nigericin high-lC^ method (23). 

Chemicals > Soim:es of chemicals and the methods for activating 

20 pertussis toxin and G protein a-subunits were as reported (24, 25). 

Antibodies directed against the C terminals of the a^subunits of GJGi^, Gs^ 
and Gjs/G^ were obtained hvm Calbiocbem, and antibodies against the N* 
terminal of die a-subunit of were obtained from DuPont-NEN. They were 
used in the pipette solution at a 1 in 200 (vol/vol) dilution of the solution 

25 provided by the rnannfacturer. Glutathione-S-transfexase (CST)-WW (G-W)^ 
GST-HioiniiiantnBgative-ubiEpiitui (K46R), and (?ST-wiId type-uhlquitln 
fusion proteins were produced as described (24). Hie anti-Nedd* antibody 
(A-Nd4) was purified XgG raised in rabbits against the C-tenninal half of the 
protein (24, 26). 

30 Results are presented as means ±. SEM. At least five cells were tested 

in each experimental group. Statistical signifirance was assessed by using 
Student's unpaired t test. All experiments were performed at 22**C. 
Besults. 

Activity of Na^-H'*' exchangers was measured by a technique described 
35 by Demauiex and coworkers (21) in which the whole-cell configuration of the 
patch-clamp technique is used to control cytosolic composition while the pH- 
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sensitive dye. BCECF, measurBs pH.. The cells were bathed initially in a zero 
Na+ solution so that they would be unable to oppose the acid load imposed 
by th« pipette solution using Na"^-dependent txanspOTters ^uch ^ the Na"*'- 
exchanger. The bath solution then was c^hanged to one containing 155 
5 mM Na* so as to activate the Na*"H* exchanger and cawe pH^ to recover 
toward normal levels (Fig lA). The rate of this Na-^-dcpendent pEk recoveiy 
was used to estimate Na*-H*^ exchange activity. The technique was validated 
by demonstrating that Na'^-dependent pi^ recoveiy has features consistent 
with its being the result of the NHEl isoform of Na^-H^ exchanger, which 

10 predominatets in salivary secretoxy cells. It was found that the Na"*"- 
dependent pH^ recovery was highly sensitive to the amiloride analog, 
ethyliscpropylamiloride (Fig. IB), and that the recoveiy depended on the 
presence of ATP (21), being inactivated when intracellular ATP was depleted 
by treatment with 2-deoxy-D-gLuGOse (5 roM) and oligomyuin (5 ^g/ml; Fig, 

15 iQ. 

It was demonstrated that the rate of the Na^-dependent pHi recoveiy 
declined with increasing pipette Na'^ concentration (Fig. 2A) in a manner 
similar to that described in sheep F2 Purkinje fibres (27) . This inhibition 
evidently was caused by increased [Na"^]!, because it could not be reproduced 

20 by the large oiganic cation, NMDG'*' (Fig. 2B]. Because intracellular free Cla^*^ 
is known to regulate Na'^-H*' exchangers (26) > an investigation was nmde to 
determine whether a change in &ee intracellular Ca^'*' concentration could 
mediate this phenomenon- It was found that buffering cytosolic and 
extracellular Ca'^ to nominal zero did not alter the effect of increased (Na*li 

25 (Fig. 2B), 

An investigation was also made to determine the mechanism by which 
[Na*L controls the activity of the Na^-H*^ exchanger. It was found that 
inclusion of the pipette solution of loa ^iM GDP-p-5 (which competitively 
inhibits the binding of C5TP by G proteins; ref. (29) or of 500 ng/ml activated 

30 pertussis toxin (which ADP ribosylates G proteins of the Gt and G„ classes so 
as to prevent their interaction with receptor^; ref, (3G), reversed the 
inhibitory effect of 20 mM Na^ (Fig, 3A and B). The ability of these agents to 
overcome the iobibitory effect of raised intracellular Na* completely without 
altering the electrochemical gradient far Na* indicates that the inhibition is 

3B not caused by a decreased electrochemical driving force for Na^-H*^ 

exchange. Rather, it must be caused by a G protnin-medialnd feedback 
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pathway. In this legard, it was further found that inclusion in the pipette 
solution of antibodies direcited against the a-subunit of the G„ protein, which 
is known to be expressed in salivary endpiece r^ells (31), abolished the 
inlubitoiy effect of 20 xnM Na^. In contrast, antibodies directed against the 
5 d-subunits of Gjj, Gj^^ and Gjg were without eJBFert (Fig, 3C). 

In the absorptive cell of the sahvaxy duct* [Na'*^]i is sensed by a receptor 
the effect of which is mediated by G„ (10). This receptor is blocked by 
amiioride and amiloride analogs such as dimethylannloride and 
bensdmidazolylguajudinimn, Hias explaining the ability of these agents to 

ID stunulatn Na"^ channel activily. It was found that the inclusion of amiloiide 
in the pipette solution reversed the inhibitory effect of 20 mMNa* (Fig. 4A). 
Further, it was found that the inclusion of the activated a-subunit of G„ in 
the asero Na^ pipette solution (Fig. 4B) inhibited the Na^-tT" exchanger and 
tihat the inclusion of as much as 30 |aM amiioride in the pipette solution was 

15 unable to overcome thTR inhibition (Fig. 4B). Thus, amiioride exerts its 
inhibitory action upstream of G„, presumably at the putative receptor for 
intracellular Na*^. 

It has been previously shown that [Na*]i and the G protein. regulate 

ZD the aoti vily of the epithelial Na*^ channel in the duct c^lis of the mouse 

mandibular gland via Nedd4 (24), a ubiquitin-protein ligaae that is believed 
to bixxd to Na*** channels and regulate their activity by ubiquitinating them 
(12, 13). Here, it was found that feedback inldbitian of the Na"^-ir exchanger 
was not prevented by inclusion in the pipette solutLon of an antibody 

25 direcjted against Nedd4 or of a fusion protein composed of GST and the three 
WW-domains of mouse Nedd4 (GST-W), which acts as a dominant negative 
mutant of Nedd4 (Fig. 4C)- This finding is consistent with the low level of 
^ixpression of Nedd4 in endpiece cells (24). Feedback inhibition was 
blocked, however, by inclusion of a dominant Ujegative mutant of uhiquitin 

30 CK48R) (24) in the pipette solution [Fig. 4C}. indicating that feedback 
regulation of tike exchanger xxevertheless is mediated by ubiquitination. 
Because our prehminaiy data show thatNHEl transfected into COS cells is 
ubiquitinated (data not shavm). the findings indicate that feedback regulation 
of NHEl is mediated by ubiquitinatioxx of the exchanger protein. The control 

35 system then would resemble the control of surface expression of epi theli al 
Na"^ channels by tibiquitination of the channel protein catalysed by Nedd4. 
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It ccuuiotbe excluded however, that the inactivatioii of NHEl produced by 
Na"** feedback is the result of ubiquitination of a protsin associated with the 
exchangeip as recently has been proposed for ihe control of the growth 
hormone receptor by ubiquitinatlon (32J. Whatever the tuechanisin, the 
5 present findings taken, together with the finding that activity of epithelial Na* 
channels can be rapidly down-regulated by ubiquitination suggest that 
ubiquitinatio A may be a general mechanism for the rapid control of 
m&xohrane transport protein activity. 

10 Example 2: Prevention of the progression uf diabetic nephropathy and other 

forms of chronic renal failure bv 6- ^^na"iilnride- 

Motefidals and methods, 

20 mg e-^iodQamiloride tablets may be foTmulated and taken orally at a 

dosage of one or two every 6 hours. 
15 Uisijussion. 

&-iadcaniiloride acts by blocking the intmcellulax Na"^ receptor that 
controls NEEEl and other sodium-dependent tcan^rparfcexs as ^vell as mediating 
the normal cellular responses to increased intracellular sodium 
concentration (which include release of cytokines and increased cell growth 
20 and proliferation (44), In this way, cytokine release and celkdar proliferation 
caviscd by increased intracellular sodium can be treated with B-iodoamiloride 
to prevent the cytokine release and cell growth and proliferation that lead to 
progression of renal failure. <-> 



25 Examplg 3; Treatment of cells with reduced Na*^ transport "with 
recombinant adenoviruSr 

Recombinant adenovirus- Eecombinant adenovirus including an 
expressible gene encoding the Na"*" receptor, GILT may be prepared by 

30 routine molecular biology techniques (33). Particularly, the clone encoding 
GILT (&EQ HD N0:1) may be ligated to a suitable mammalian promoter 
sequence (e.g. CMV (45]] and inserted into a suitable vector for the transfer, 
by homologous recombinatioz^ of the recombinant GILT gene into an 
adenovirus as described by He et al. (46). 

35 Ad rnini*t taratiQn- The recombinant adenovirus may be formulated and 

administered In accordance with known metfaods in the arL In particular* 
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the TecombiDant adenovirus xmy be formulated for admirifstratioii as a nasal 
spmy or intrabroncfaial spiay or given intraveneously (47, 48) or direct 
injections cf muscle or of organs C^Q)- With administiatiou to the resplratoiy 
tract (50] 3 the zecombinant adenovims will piefexably be administered at a 
5 dose of 10' plaque forming units (pfuj at intervals between 2 and 4 weeks. 
Discussion. 

Upon infection of host diseased cells, the adenovirus will bring about 
the expression of functiDnal GILT protein to decrease Na"^ transport and 
restoie cylosolic ion composition to substantially that of correspondiDg 
10 healthy cells. 

Example 4: Prevgnlioii of Ihc progression of chronic hvopxic pulmonary 
hvpertBnfiion and other fornix of pulynonarv hvpertEnslcm bv 6- 
TfiglnaTtiiinr ide and Q thffi- ^rth ^bltPTS of the sodium recentonr. 
15 Materiah caid meOiods- 

2Qnig 6-iodoamiloridG tablets may be fomxulated and taken oraUy at a 
dosage of 1 or Z eveiy 6 hotkxs. 
Piscussion. 

6-iodoamiloride acts by blocking the intracellular Ka* receptor that 
20 controls NHEi and other sodium-dependent tiansporters as i/vell as 

mediating the normal cellular responses to increased intracellular sodium 
concentration (which include release of cytoktnes and increased cell growth 
and proliferation (44). In this way, cytokine release and cellular proliferation 
caused by increased intracellular sodium can be treated with 6-iodoamiloride 
25 to prevent the cytokine release and cell growth and proliferation that lead to 
progression of pidmonaiy hj^peitensiou due to chronic hypoxia (51). 

It will be appreciated by persons skilled in the art that numerous 
30 variations and/or modiiicationfi may be made to the invention as shown in 
the specific embodiments witihout departing from the spuit or scope of the 
invention as broadly described. The present exnbodiments are, thereibre, to 
be considered in all respects as illustrative and not restrictive. 
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Claims! 



1. A method of treatment of a human disease which is characterised by 
abnoimal cytosolic ion composition in diseased cells resultLag from 
5 inappropriate activity of an inhibitory feedback mecfaaiiisni controlling the 
activity of an Na^ transport protein other than an epithelial Na"*" channel such 
that the Na**" transport protein has reduced activity, the method comprising 
administering to a subject having said disease an effective amount of an agent 
that blocks said inhibitoxy feedback mechanism and thereby substantially 
10 restores the ion composition of the cytosol in said diseased cells to that which 
is found in corresponding cells from healthy tissue. 



2, A method according to claim 1, wherein the Na"*" transport protein is 
selected from the group consisting of Na^-H^ exchanger 1 (NHEl]> Na"*^-!!*" 
15 exchanger 2 (NHE2), Na^-IT exchanger 3 the Na^-HCO^' 

cotranspoitBr and the NaTC'*"2Gl cotransporter 



3. A method according to claim l or 2, wherein the agent is selected from 
amiloiide and amiloride analogs. 

20 

4. A method according to claim 1 or 2, wherein said agent is a G-protein 
inhibitor. 



5 . A method according to claim 4, wherein the G-protein inhibitor is 
25 selected from GDP-p-S and NFD2 3- 

6. A method according to claim 1 or 2, wherein said agent is a ubiquitin 
protein ligase mhibitor- 

30 7, A method according to claim 6. wherein the ubiquitin protein hgase 
inhibitor is selected hum dominant negative mutants of ubiquitin and agents 
that prevent binding of ubiquitin protein ligase to Na"*" transport proteins, 

8. A method of treatment of a human disease which is characterised by 
35 abnormal cy tosoKc ion composition in diseased cells resulting from the loss 
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of or inappropriate activity of an inhibitoiy feedback mechuanism controlling 
the activity of an Na"^ transport protein other than an epithelial Na* channel 
such that the Na"*" transport protein has over activity, the method comprising 
administaring to a subject having said disease an effective amount of an agent 
5 that substantially restores the ion composition of the cytosol in said diseased 
cells to that which is fotmd in corresponding cells &oxn healthy tLssue. 

9.. A method according to claim 8, wherein 3aid agent is selected from 
gene therapy agents, intraceiliilar Na* receptor activators, G-protein 
10 activators, ubiquitiii ligase activators and endocjrtosis triggering agents. 

10. A method according to claim 9, wherein said gene therapy agent is an 
adenovirus including a nuclMtide sequence encoding a non-mutated protein 
which participates in the Na"*^ transport protein inhibitory feedback 

15 mechanism. 

11. A method according tx? claim 3* wherein said intracellnlor Na* receptor 
activator is selected ixom guanidiimi and guaiudium analogs. 

20 12. A method according to claim 8. wherein said C-protein. activator is 
selected feom GDP-7-S and receptor mimetic peptides, 

13. A method of diagnosis of a hmnan disease which is characterised by 
abnoxxoal cytosolic ion compositiDn in diseased cells resulting from the loss - 

25 of or znappropxiate activity of an inhibitory feedback mechanism contrDlliag 
the activity of an Na'*' transport protein other tlian an epithelial Na"^ channel 
such that the Na^ transport protein has reduced or over activity, the method 
comprising isolating from a subject suspected of having said disease a sample 
of cells and assessing said sample of cells for reduced or over activity of said 

30 Na"*" transport protein resulting from the loss of or inappropriate activity of 
said inhibitory feedback oaechanism or otherwise assessing said sample of 
cells for the loss of or inappropriate activity of said inhibitory feedhack 
mechcLnism. 
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14- A method according to claim 13, wherein said Na"*" h-amsport protein is 
selected from the group consisting of Na*-H* e^cchangor 1 (NHEl), Na"**-H* 
exchanger 2 (NHE2), Na"*"-H^ exchanger 3 (NHE3J, the Na^-HCO^" 
cotransporter and the Na'^ZCJ cotraxisporten 

5 

15. A method according to claim 13 or 14, wherein the sample of cells is a 
sample of lymphoc3rtes. 

16. A method accoxdiug to any one of claims 13 to 1^ wherein the sample 
10 of cells is assessed for reduced or over activity of the Na'*" transport protein by 

determining the rate of Na^-dependent intracellulax pH (pKy recovery anH 
comparing said rate against similarly measured rates from cells from healthy 
tissue isolated £rom said subject or a control sub]ect($]. 

15 17. A method of diagnosis of a human disease which is chaiacierised by 
abnormal cytosoHc ion composition in diseased cells resulting from the loss 
of or inappropriate activity of an inhibitory feedback mechanism controlling 
tihe activity of an Na* transport protein other than an epithelial Na"*^ channel 
such that the Na^ transport protein has reduced or over actiyity, the method 

20 comprising isolatinig from a sub|ect suspected of having said disease a sample 
of cells and assessing said sample of cells for over or under expression of the 
Na"*" transport protein or another protein participating in the Na"*" transport 
protein inhibitory feedback mechanism. 

2S IB, A method of diagnosis of a human disease which is characteiised by 
abnormal cytosohc ion comptosition in diseased cells resulting from the loss 
of or inappropriate activity of an inhibitory feedback mechanism controlling 
the activity of an Na^ transport protein other than an epilhehal Na'^ chaimel 
such that the Na^ transport protein has reduced or over activity, the method 

30 comprising isolating a genomic DNA sample from a subject suspected of 
having said disease and assessing said sample for the presence of a gene 
encoding a mutated product causatii/e of said reduced or over activity of said 
Na* transport protein. 
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19. A method of assessing a subject for a predisposition to a humaik disease 
which is characterised by abxiornial cytosolic iou composition ixx diseased 
cells residtLng fxazn the loss of or inappxopiiats activity of an inliibitoiy 
feedback imchanism controlling the activity of an Na^ transport protein otlier 

5 thaa an epithelial Na* channel such that the Na* transport protein has 
reduced or over activity, the method comprising isolating a genomic DNA 
sample from a subject and assessing said sample for the presence of a gene 
encoding a mutatsd product causative of said reduced or over activity of said 
Na**" transport protein. 

10 

20. A method according tOi any one of cldims 17-19| wherein said Na^ 
transport protein is selected from the group consisting of Na"^-!!^ exchatiger 1 
(NHEl), Na-^-H^ exchanger 2 tNHE2), Na^-IT exchanger 3 CNHE3), the Na**"- 
HCOa" cotxausporter and the Na'^K"'"2Cl cotransportBr. 

15 

21. A method according to /any one of claims 1 to 20^ wherein the said 
human disease is selected from hypertexiGion« renal failure, cardiac 
hypertrophy and cardiological syndrome X* 

20 22. An isolated IJNA molecule encoding an intracsllular Na^ receptor 
designated GILT, said DNA molecule comprising a nucleotide sequence 
showing ^75% homolo^ to the nudootide sequence shown as SEQLD NQ: 1. 

23. A DNA molecule acooiding to claim 22, wherein said DNA molecule 
25 comprises a nucleotide sequence showing ^ 85% homology to the nudeofide 
sequence shown as SEQ ID NO: 1. 

24- A DNA molecuk according to claim 22, wherein said DNA molecule 
comprises a nucleotide sequence showing > 95% homology to the nucleotide 
30 sequence shown as SEQ ID NO: 1. 

25. A DNA molecule according to claim 22, wherein said DNA molecule 
comprises a nucleotide sequence substantially corresponding to that shown 
as SEQ ID NO: 

35 
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10 



20 



26. A DNA molecule according to claim 22. wherein said DNA molecule 
encodes a protein comprising an amino acid sequence substantially 
corresponding to that shown as SEQID NO: 2. 

27. An isolated DNA molecule encoding an intracellular Na"^ receptor 
designated SCunique, said DNA molecule comprising a nucleotide sequence 
showing > 75% homology to the nucleotide sequence shown as SEQ ID NO: 3. 

2S. A DNA molecule according to claim 27, wherein said DNA molecule 
comprises a nucleotide sequence showing > 85% homology to the nucleotide 
sequence shown as SEQ ED NO: 3. 



29. A DNA molecule according to claim 27, wherein said DNA molecule 
comprises a nucleotide sequence showing > 95% homology to the nucleotide 

35 sequence shown as SEQ ID NO; 3, 

30. A DNA molecule according to claim 27, wheiein said DNA molecule 
comprises a nucleotide sequence substantially conespondiiig to that shown 
as SEQ ID NO; 3. 



31. A DNA molecule according to claim 27, wherein said DNA molecule 
encodes a protein comprising an amino acid sequence substantially 
corresponding to that shown as SEQ ID NO: 4. 

25 32, A host cell transformed vnth a DNA molecule according to/ any one of 
claims 22 to 31 

3 3 - A method of producing an intracellular Na**" receptor, comprising 
culturing the host cell of claim 32 under conditions enabling the expression 
30 of said DNA molecule and optionally recovering the expressed receptors. 

34. An intracellular Ka"^ receptor designated GILT, said receptor 
comprising an amino acid sequence substantially corresponding to that 
shown as SEQ ID NO: 2, in a substantiaUy pure form. 

35 
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35. An intracellular Na^ receptor designated SCunique, said receptor 
corapiising an amino acid sequence substantially corresponding to that 
shown as SEQ ED NO: 4, in a substantially purs form. 

s 36. An antibody which specifically binds to a receptor according to c^um 
34 or 35. 

37, A method for detectLag agonist or antagonist agents of the receptor of 
claim 34 or 35, wherein said method comprises contacting said receptDr, or a 
10 host cell transformed with and expressing the DNA molecixle of/any one of 
claims 22 to Z'^ with a test agent under conditicuxs enabling the activation of 
said receptor, and detecting an increase or decrease in activity of the receptor. 

35. A nucleic acid probe or primer comprlsuig a nucleotide sequence of 10 
15 or more nucleotidBS, wherein said probe or prhner spedGcally hybridises to a 
unique sequence within the DNA molecule of claim 25 or 30 under Mgh 
stringency conditioiis. 

39. An isolated DNA molecule comprising a nucleotide sequence 
20 substantially corresponding to that shown as SEQ ID NO: 5. 

40. An isolated DNA molecule comprising a nucleotide sequence 

substantially correspondiag to that shown as SEQ ID NO: 6. 

25 41. An isolated DNA molecule comprisiog a nucleotide seqneuce 
stibstantlaUy corresponding to that shown as SEQ ID NO: 7. 
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ROTHWELL FIGG ERNST & MANBECK 
1425 K Street, N,W. 
Suite 800 

Washington, District of Columbia, 20005 
United States of America 

with full power of substitution and revocation, to prosecute this apphcation and to transact all business in the Patent and Trademark 
Office connected therewith, and ell future correspondence should be addressed to them. 



Full name of sole or first inventor: COOK, David, Ian 

Inventor's Signature ^^/^^^^^^ Date:... 7.. "^^^^^^/^^^ 

Residence: 35 Bromborough Road, Roseville, NSW^2069, Australia /T lA X 
Citizenship: Australian * ^ 

Post Office Address: 35 Bromborough Road, Roseville, NSW 2069, Australia 
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Jull name of siscdud Joto MivenWr: IK^^V.^&fegfc-Am 
^^^^ Inventoi^s Sigtitfturc: i^.J...^:^??^^?^^^. 

Residenua: Utiil 29. 6 Mmray Street, LaA Cpve. NSW 206S, AustraEn J^ll^ 
Citizeii5hip; A^sltalian ^ ' 

Post Office Address: Unit 29. 6 Murray Street, Lane Cove, NSW 2066, Ausli^iba 



Full kioin<a of third joint inventor: ISHIBASHI* Hajime 

Xnventor's Si^nstture Uate: 

Residence: SonbaiiJcflii 1013, 6-1 Kb Nagareyama, Chiba 270-0176, :Japan. 

Citizenship: Japan^SiSe * - *y ^ t 

Posi: Office Address: Sanbanfcaa 10 13, 6-1 Ka 3-chomc. NugJircyama. Chiba 2704)176, JHpan. 



FuM name of fourth joi^^^inventor: KOMWATAPlA> Pcrmsak 
Inventors Signature ^.^Ji^TmA^^ 

Residence: 17/14-18 Bennett Stwt, Newton, NSW 2042, AustraUa. 
Citizenship: Tliai 

Post Orice Addma;: 1 7/ W^IS Bennett S<reel,NcWton, NSW 2042. Australia. 
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Full name of fiinih jpmt inve; 

Inventor* s Signature 

Ke^ldence: I 3e7o^v^a 
Citizenship: Aiistraliflsi 




se.NSW 2085, Austi&lia 



Post Officii Address: I Bcrowra Place,. Bdrose. NSW 2085, Austraiia 



IFvAl nanie of sixth 



Inventor's ^nature 



inventor: YOUNG, John 




^arling Point, NSW 2027. Australia 



jRcsideiice: 2S/1 S B^bounLC 
Citizenship: AuStraQan 

Post Otnce Addresi: 28/18 EwStboume ^aad. Darling Point, NSW 2027, Au9(raba 



Full name of seventh joint invi^ntor; DJMJPOM, Anuvt'ait 




Inventor's Sigiwture ,2^y.,hA?'.?r^r.^^?^^:^ Date:../'!^/.^^/?..^:. 

.Residence: 17/14-lB Bennett Street, Newton, NSW 2042, AUSUolia 
Citizenship; Thai 

Post Office Address: 17/14-18 Bcnnea Street, Newton, NSW 2042. Aiistraha 
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Full na/nc of second joJtit imvctitor. FRALEV. KrUtie-Aan 
Inventor's Signature D«t«: 



Residence: Unit 29. 6 Mumy SUeel, Lane Cove, NSW ^066, Australia 
CitUenflhIp: Australian 

Past Qffic« Addms: Dixit 29, 6 Miuray Street, Unc Cove, NSW 2Q66» AuwiiUa 



]7un name of third joint Inventor: lSHIBASII I, H>Jitne 



Inventor's SIgrnature 



Residence! Sanbankan 1013, 6-1 Ka 3-ch6mc, N^gmyazna, Chiba 270-0176, Japan. 

C|itiz«nship: Jap^tnese . , 

Post Office Address: Seunbankan, lOU, 6-1 Ka 3'choni«, Ndgaxeyama, Chiba 2700176, Japan. 



Full name of fourth JoiiJ4^taivehtori K0M:^ATANA, Permtak 
Inventor's Signature .vc>^ d 



irwiaU 



> 1 1 • 1 1 



t^esldence: 17/14-1 S Banftctt Street. Newton, NSW 2042, A\jstraUa. ; ' 
CiHienship: Thai 

Post OlTice Addrtss*: 17/1 4- J S Bennea Str«t. Newt€m, NSW 2042, Aastralift. 



Full name ofiltth joint Inventor: SASCR&Zr-TEJtEZ, Angeles 
Inventor* s Signature , Date: 



Residence: 1 Bcrowa Place. Bcirose, NSW 2085, Auslralia 
CiHienibtp^ Australian 

Post Oftice Address: 1 BeroNVia Place. Belrosc, NSW 2085, Australia 



FuU name of sixtb Jpiuynventor: YOUNG, John 
Inventor*! Sisnaturep Date; 




i?-Vri 



Re* Jdenc^: 2&/18 j^Jboume RoadTftarling pftiht, NSW 2027. Australia ' ' ' 
Citizciifhip; Austr; 

Post Office Address: 28/18 Eastbomnc Road, Darling Point. NSW 2027, AuatraiiQ 



Full name of seventh joint loveiitor: DXNUPOM, Anuwat 

.^.^i-:^^:^. D-fc:../^./.*:.''?.,?. 



lnv«Kitor*$ Signature 



Kesidence; n/l4-lS B«uiettSlre*t,Newton» NSW 2042, Australia 
Citizenship-. Thai 

Po»t Office Address; 17/1 4-1 S Bennett Street, Netvlon, NSW 2042. Australia 



Full name of second joint inventor: FRALEY, Kristie-Ann 

Inventor's Signature Date: 

Residence: Unit 29, 6 Miuray Street, Lane Cove, NSW 2066, Australia 
Citizenship: Australian 

Post Office Address: Unit 29, 6 Murray Street, Lane Cove, NSW 2066, Australia 



Full name of third joint inventor: ISHIBASHI, Hajime 
Inventor's Signature Date:. 



Residence: Sanbankan 1013, 6-1 Ka 3-chome, Nagareyama, Chiba 270-0176, Japan. 
Citizenship: Japanese 

Post Office Address: Sanbankan 1013, 6-1 Ka 3-chome, Nagareyama, Chiba 270-0176, Japan. 



jj|>-^^ull name of fourth join^ventor: KOMW4Ti^ A, Permsak 
Inventor's Signature .v\>?^.a 

Residence: 17/14-1 8 Bennett Street, Newton, NSWJ 2Q42, Australia. ^ j{ 
Citizenship: Thai 

Post Office Address: 17/14-1 8 Bennett Street, Newton, NSW 2042, Australia 



^ ^^^^ ^^.^^ inventor: S^ ^jglEZ J^EREZ, Angeles 

Inventor* s Signature '■••^ 

Residence: 1 Berowra mcSTBOTose, NSWJZ085, Australia XX^ s/ 
Citizenship: Australian ' « ' 

Post Office Address: 1 Berowra Place, Belrose, NSW 2085, Australia 

[ 6^ no va; <"<^ PI . 

name of sixth Jointinventor: YOUNG, John 
Inventor's Signatui^y^rlv(3^ Date:....'j/.li..|^..(p'W- 

Residence: 28/1 8 Basiboume RoadTfearUng Point, NSW 2027, Australia "//(X 
Citizenship: Australian 

Post Office Address: 28/18 Eastbourne Road, Darling Point, NSW 2027, Australia 
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Full name of seventh joint inventor: DINXJDOM, AnuM at 

Inventor's Signature Date:../^ 

Residence: 17/14-18 Bennett Street, Newton, NSW 2 042, Australia -/^ 
Citizenship: Thai ' 

Post Office Address: 17/14-18 Bennett Street, Newton, NSW 2042, Australia 



